Whether sleep problems of menopausal women are associated with vasomotor symptoms and/or changes in estrogen levels associated with menopause or age-related changes in sleep architecture is unclear. This study aimed to determine if poor sleep in middle-aged women is correlated with menopause. This study recruited women seeking care for the first time at the menopause outpatient department of our hospital. Inclusion criteria were an age X40 years, not taking any medications for menopausal symptoms, and no sleeping problems or depression. Patients were assessed with the Pittsburgh Sleep Quality Index (PSQI), modified Kupperman Index (KI), and Menopause Rating Scale (MRS). A PSQI score of o7 indicated no sleep disorder and X7 indicated a sleep disorder. Blood specimens were analyzed for follicle-stimulating hormone and estradiol levels. A total of 244 women were included in the study; 103 (42.2%) were identified as having a sleep disorder and 141 as not having one. In addition, 156 (64%) women were postmenopausal and 88 (36%) were not menopausal. Follicle-stimulating hormone and estradiol levels were similar between the groups. Patients with a sleep disorder had a significantly higher total modified KI score and total MRS score (both, Po0.001) compared with those without a sleep disorder. Correlations of the PSQI total score with the KI and MRS were similar in menopausal and nonmenopausal women. These results do not support that menopause per se specifically contributes to sleep problems.
Introduction
Sleep complaints are common among the general population, with approximately 35% of individuals having problems falling asleep, staying asleep, awakening early, or not feeling refreshed after sleep (1) . Conditions associated with difficultly sleeping include old age, stress, alcohol and drug abuse, depression, lower educational and socioeconomic status, disease, and female sex (2) . Sleep disorders have a significant effect on quality of life, as well as societal and economic effects with respect to lost productivity, accidents, and health care costs (3) . Insomnia is defined as difficulty initiating or maintaining sleep, accompanied by irritability or fatigue during wakefulness (4) . Insomnia is estimated to affect up to 30% of the general population and women are almost twice as likely as men to develop it (5, 6) . Sleep difficulties among women also increase during the peri-and postmenopausal periods.
Menopause is characterized by a marked decrease in the production of female sex hormones, most specifically estrogen, which results in vasomotor symptoms, such as hot flashes and night sweats (7) . The prevalence of insomnia has been shown to increase in women at the age of transition from pre-to postmenopausal stages, and menopausal women are more than three times as likely to have a sleep disorder as those who are premenopausal (8) . Some studies has shown that insomnia is more closely associated with psychological than somatic symptoms of menopause (9) . Despite considerable research, whether sleep problems are associated with hormonal status, vasomotor symptoms of menopause, or agerelated changes in sleep architecture remains unclear (10) .
Evaluation and quantification of menopausal symptoms in a standardized manner are important for diagnosis and treatment. Two of the most commonly used instruments are the Kupperman Index (KI) (11) and the Menopause Rating Scale (MRS) (12) . Both of these instruments are selfadministered questionnaires designed to measure menopausal symptoms, they are widely accepted, and the correlation between the two instruments is strong (13, 14) . The Pittsburgh Sleep Quality Index (PSQI) is a validated self-administered questionnaire that assesses sleep quality and disturbances. The PSQI can be used to categorize people as good or poor sleepers (i.e., those affected by a sleep disorder) (15) .
This study aimed to determine if poor sleep, as evaluated using the PSQI, is correlated with menopause and quality of life, as evaluated with the KI and MRS, in pre-and postmenopausal women.
Material and Methods

Participants and testing
Women who were seen for the first time at the menopause outpatient department of the Department of Gynecology, the Sixth Affiliated People's Hospital of Shanghai Jiao Tong University, Shanghai, China, between January 2011 and June 2011 were recruited. The study was approved by the Institutional Review Board of the Sixth Affiliated People's Hospital of Shanghai Jiao Tong University (#2010-06). All of the patients provided written informed consent for participation in the study.
Inclusion criteria were an age X40 years, not taking hormone replacement therapy or any other medications for menopausal symptoms, not taking medications for sleeping problems, not taking antidepressants, no severe systemic diseases, and willingness to complete the study questionnaires. Patients with severe diseases, and those who underwent hysterectomy or oophorectomy were excluded. Overweight was not an exclusion criterion.
All of the participants completed a form to provide demographic data, including age, education level, income, marital status, occupation, menopausal status, and disease history. Pre-menopause was defined as patients who still had menstrual flow and postmenopause was defined as no menstrual flow. The length of time since periods ceased was recorded. All of the patients were categorized based on the 2001 Stages of Reproductive Aging Workshop (STRAW) simplified bleeding criteria for early and late menopausal transition (16) . At the visit, patients were required to provide a blood sample for determination of follicle-stimulating hormone (FSH) and estradiol (E2) levels. Blood specimens were analyzed according to standard procedures. Participants' height and weight were measured, and their body mass index (BMI, kg/m 2 ) was calculated. Systolic blood pressure and diastolic blood pressure were recorded.
All of the participants completed the Chinese versions of the PSQI (15), the MRS (12, 17) , and the modified KI (14) questionnaires. The PSQI and MRS have been validated in the Chinese language (18, 19) . The order in which the questionnaires were completed was random. Two experienced interviewers (SHF and LCB) provided all of the surveys, and answered any questions that were raised by the participants.
The PSQI assesses sleep quality and disturbances over a 1-month period (15) . This instrument consists of 19 items that are used to generate seven component scores: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleeping medication, and daytime dysfunction. Answers are scored on a 0-3 scale, with 0 indicating no dysfunction and 3 indicating the worst dysfunction. The sum of the scores is considered as the global score. A higher global score indicates a "worse" sleeper. In this study, a PSQI global score o7 was considered to indicate no sleep disorder and a PSQI global score X7 was used to indicate a sleep disorder.
The MRS consists of 11 items that are categorized into three subscales: 1) somatovegetative symptoms: sweating/ hot flashes, heart discomfort, sleep problems, and joint and muscle problems, 2) psychological symptoms: depressive mood, irritability, anxiety, and physical/mental exhaustion, and 3) urogenital symptoms: sexual problems, bladder problems, and vaginal dryness (12) . Severity is scored as none (no points), mild (one point), moderate (two points), severe (three points), and very severe (four points), with a range in total score from 0-44. Scores ranging from 0-4, 5-8, 9-15, and 16+ are typically used to rate menopausal symptoms as none/minimal, mild, moderate, and severe, respectively (20) .
The original KI consists of questions regarding 11 items, including sweating/hot flashes, palpitation, vertigo, headache, paresthesia, formication, arthralgia, and myalgia (categorized as somatic symptoms), as well as fatigue, nervousness, and melancholia (categorized as psychological symptoms) (11) . The modified KI (14) consists of 13 items. In addition to the 11 items in the original KI, the modified version adds items regarding urogenital symptoms, such as urinary tract infection and sexual complaints. The severity of each symptom is rated on a scale from 0 to 3 for no, slight, moderate, and severe complaints, respectively, and the highest potential score is 63.
Data analysis
Continuous data are reported as means±SD or medians with interquartile range (IQR, 25th and 75th percentile), depending on normality of data distribution. Categorical data are shown as frequencies and percentages. The differences between women with a sleep disorder (PSQI X7) and those without (PSQI o7) were detected by the independent t-test or the Wilcoxon rank sum test for continuous data, and by the chi-square test or the Fisher's exact test for categorical variables, as appropriate. The relationships between the PSQI total score and modified KI score, as well as the MRS score, were measured item-byitem using Spearman's rank correlation coefficient for a) total patients (denoted as r a ), b) patients not in menopause (denoted as r b ), and c) patients in menopause (denoted as r c ). The correlation strength was evaluated based on the following scale: very weak (0-0.19), weak (0.20-0.39), moderate (0.40-0.59), strong (0.60-0.79), and very strong (0.80-1.00). Statistical analyses were performed with the SAS software version 9.2 (SAS Institute Inc., USA). A twotailed value of Po0.05 indicated statistical significance.
Results
Patients' characteristics
A flow diagram of selection of the patients is shown in Figure 1 . Of 357 patients screened, a total of 244 women with a mean age of 51.65±4.78 years (range, 40-67 years) were included in this study ( Table 1 ). All of the patients were -2 to +2 based on the 2001 STRAW +10 staging system. A total of 103 (42.2%) women were identified as having a sleep disorder (PSQI X7) and 141 were categorized as not having a sleep disorder (PSQI o7). Most of the women (178 subjects, 73.0%) were aged between 45 and 55 years, and 97.5% were married. Approximately half (51.2%) of the subjects were retired. Age, BMI, systolic blood pressure, diastolic blood pressure, marital status, occupational status, educational status, monthly income, age at menarche, and menopausal status were not different between women with a sleep disorder and those without (all P40.05, Table 1 ).
FSH and E2 levels
The median serum FSH and E2 levels of women without a sleep disorder were 58. 
Modified KI scores
Comparison of the item-by-item modified KI scores of women with and without a sleep disorder is shown in Table 2 . Unsurprisingly, women with a sleep disorder had a significantly higher score for insomnia compared with those without a sleep disorder (4.47±1.29 vs 1.35±1.38, Po0.001). KI scores for sweating, hot flashes, nervousness, melancholia, vertigo, fatigue, headache, heart palpitations, formication, and sexual complaints were significantly greater in women with a sleep disorder compared with those without a sleep disorder (all Po0.05). Overall, even without the inclusion of insomnia, those with a sleep disorder had a significantly higher total modified KI score compared with those without (23.54 ± 9.05 vs 17.59 ± 8.24, Po0.001).
MRS scores
Comparison of the item-by-item MRS score of women with and without a sleep disorder is shown in Table 2 . Similar to the modified KI score, women with a sleep disorder had a significantly higher score for sleeping problems (MRS 3) compared with those without a sleep disorder (2.60±0.80 vs 0.55±0.50, Po0.001). MRS scores for hot flashes, sweating, heart discomfort, depressive mood, irritability, anxiety, physical and mental exhaustion, sexual problems, and bladder problems were significantly greater in women with a sleep disorder than in those without (all Po0.05). Women with a sleep disorder had a significantly higher total MRS score compared with those without (15.75 ± 6.68 vs 9.30 ± 5.44, Po0.001), and this finding persisted with exclusion of the MRS sleep problems score (13.15±6.41 vs 8.75±5.39, Po0.001).
Relationship between the PSQI total score and the modified KI score according to menopausal status Spearman's rank correlation coefficient indicated a strong positive correlation between the PSQI total score and the KI insomnia score for all of the patients (r a =0.791, Po0.001), women not in menopause (r b =0.834, Po0.001), and those who were menopausal (r c =0.762, Po0.001, Table 3 ). The PSQI total score for all of the patients was also very weakly (0-0.19) to weakly (0.20-0.39) positively correlated with the KI scores for sweating, hot flashes, nervousness, melancholia, fatigue, headache, heart palpitations, formication, and sexual complaints. In addition, the PSQI total score was significantly correlated with the KI score for hot flashes, headache, heart palpitations, and formication for women in menopause, but these correlations were not significant for women who were not menopausal. In contrast, the correlation between the PSQI total score and the KI score for sexual complaints and urinary tract infection was significant for women who were not menopausal, but not significant for women who were menopausal. Overall, the PSQI total score had a moderately positive correlation with the modified KI total score (r a =0.453, r b =0.474, and r c =0.430), but the strength of correlations became weaker if the KI insomnia score was excluded (r a =0.320, r b =0.352, and r c =0.286).
Relationship between the PSQI total score and the MRS score according to menopausal status Spearman's rank correlation coefficient indicated a strongly positive correlation between the PSQI total score and the MRS sleep problems score for all of the patients (r a =0.820, Po0.001), those not in menopause (r b =0.843, Po0.001), and those who were menopausal (r c =0.807, Po0.001, Table 3 ). The PSQI total score for all of the patients was very weakly (0-0.19) to weakly (0.20-0.39) positively correlated with the MRS scores for hot flashes, sweating, heart discomfort, depressive mood, irritability, anxiety, physical and mental exhaustion, sexual problems, and bladder problems. The PSQI total score was significantly correlated with heart discomfort and physical and mental exhaustion only for women who were menopausal. Overall, the PSQI total score was moderately positively correlated with the MRS total score (r a =0.466, r b =0.473, and r c =0.458), but the strength of correlations became weaker if the MRS sleep problems score was excluded (r a =0.356, r b =0.353, and r c =0.349).
Discussion
Our study showed that correlations between the PSQI total score and insomnia and sleep problems scores were similar in menopausal and non-menopausal women. In addition, FSH and E2 levels were not associated with the presence of a sleep disorder in middle-aged women. These data do not support the hypothesis that menopause has a specific contribution to causing sleep problems.
The prevalence of sleep difficulties is increased in middle-aged and postmenopausal women (5, 8, 10, 21) . The reason for the association between sleep disorders and menopause is not clear (i.e., whether the increased incidence of sleep difficulties is associated with aging, or more specifically, with menopause). The Wisconsin Sleep Cohort Study used a probability sample of 589 premenopausal, perimenopausal, and postmenopausal women, and showed that menopause was not associated with diminished sleep quality as measured by polysomnography (22) . This previous study also showed that although perimenopausal and postmenopausal women were less satisfied with their sleep relative to premenopausal women, menopause was not a strong predictor of specific sleep-disorder symptoms (22) . The authors concluded that sleep abnormalities in midlife women should not be primarily attributed to menopause before ruling out underlying sleep disorders. Some studies have reported that menopause has no effect on quality of sleep (23, 24) . However, some studies have shown that menopausal hot flashes and night sweats are associated with increased difficulty with sleep (25, 26) , and increased daytime sleepiness (23) . The Study of Women's Health Across the Nation showed that vasomotor symptoms moderated the associations of anxiety with electroencephalographic sleep measures of sleep latency and sleep efficiency, and were associated with a longer duration of sleep (27) . A recent populationbased, 14-year, follow-up study of midlife women by Freeman et al. (28) reported that overall poor sleep did not increase around menopause and frequently occurred in the absence of hot flashes. The authors concluded that sleep difficulties in the perimenopausal period are not associated with ovarian decline.
Vasomotor symptoms are common during menopause, where hot flashes are the most frequent and are described as the most troublesome (7) . Studies have generally shown that sleep disturbances during menopause may be associated with vasomotor symptoms (29) . Joffe et al. (30) reported that quality of sleep, but not interruption of sleep, is worse in depressed than in nondepressed menopausal women with vasomotor symptoms. The authors also reported that the type of sleep disturbance observed in depressed participants was not consistent with the etiology of depression secondary to awakening associated with vasomotor symptoms. Vasomotor symptoms tend to positively correlate with a decline in estrogen levels during menopause. However, estrogen levels do not appear to be the only factor associated with vasomotor symptoms because these levels can be similar between asymptomatic and symptomatic women (31) . Using the PSQI, Hung et al. (32) reported that menopause was associated with poor sleep quality in menopausal women without vasomotor symptoms. The current study showed no difference in FSH or E2 levels in women with or without a sleep disorder. Other studies have provided varying results. Kalleinen et al. (33) studied older versus younger women and reported that sleep efficiency decreases with age and is not associated with decreasing estrogen levels. In contrast, other studies have shown greater difficulty in initiation and maintenance of sleep in postmenopausal woman than in premenopausal women, suggesting that sleep difficulties in middleaged women are related to a decline in estrogen levels (34, 35) . Studies that examined the effect of estrogen supplementation on sleep disturbances in postmenopausal women have provided conflicting results. Some of these studies have indicated an improvement in sleeping and others have indicated no effect or a negative effect (10) .
Depression and anxiety are common during menopause, and are both associated with sleep disturbances in otherwise healthy, non-menopausal women (36-38).
Terauchi et al. (9) reported that insomnia in peri-and postmenopausal women was more closely associated with psychological than somatic symptoms. Their study also reported that difficulty initiating sleep was strongly correlated with anxiety, and non-restorative sleep was strongly correlated with depression. Correlation of depression and non-restorative sleep was also reported in a study by Ohayon et al. (39) that included more than 25,000 subjects from 7 European countries.
Some limitations of this study should be considered. Objective polysomnographic evidence of a sleep disorder was not obtained in the current study. We only evaluated sleep quality based on the PSQI. We did not evaluate patients for specific sleep disorders that are relatively common among middle-aged and menopausal women, such as obstructive sleep apnea, restless leg syndrome, periodic limb movement disorder, and fibromyalgia. Because this was not a cross-sectional study, the effect of menopause cannot be fully excluded. Furthermore, we did not consider a category of perimenopausal women, and some women who were classified as premenopausal may have been in the early stages of menopause instead. Pairing between groups was not performed. An objective laboratory measure, such as FSH levels, was not used to define patients who were postmenopausal. However, STRAW criteria do not require an FSH level to define menopause (16) . Finally, further analysis of factors associated with good or poor sleepers in pre-and postmenopausal women would be of value. However, this analysis was beyond the scope of the current study.
Our study suggests that menopause per se does not appear to be important with respect to inducing sleep problems. Menopausal women with sleeping problems should be evaluated for other medical or psychological causes of poor sleep.
